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(54) Image processor for printing 

(57) To enable processing both the image data of 
RGB and the image data of CMYK and enhance printing 
speed, the following measures are taken. An image 
processor for printing according to the present invention 
is provided with an expander for expanding both the im- 
age data in the first color space of RGB and others and 
the image data in the second color space of CMYK and 
others and image data supply means for converting ex- 
panded image datatothe image data in the second color 
space and supplying it to a print engine if the expanded 
image data is the image data in the first color space or 



supplying expanded image data to the print engine with- 
out converting it if the expanded image data is the image 
data in the second color space. If image data in the first 
color space is supplied from a host computer and if im- 
age data in the second color space is supplied, the im- 
age data is also once compressed and is stored in a 
memory, the compressed image data Is expanded by 
the image processor for printing as it is, ts converted 
only in the case of the image data in the first color space 
and is supplied to the print engine as the expanded im- 
age data in the second color space. 
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Description 

BACKGROUND OF THE INVENTION 

1 , Field of the Invention s 

[0001] The present invention relates to an image 
processor for printing used in an electronic printer pro- 
vided with a print engine, particularly relates to an image 
processor for printing wherein compressed image data 10 
every cojor in predetermined color space is supplied, is 
expanded and is supplied to a print engine. 
[0002] The present application is based on Japanese 
Patent Application No. HeL 11-95078, which is incorpo- 
rated herein by reference. is 

2. Description of the Related Art 

[0003] An electronic printer such as a page printer 
prints image data in predetermined color space gener- 20 
ated by a host computer and others by a print engine 
utilizing a laser beam and others. Such an electronic 
printer generates image data corresponding to plural 
colors in cofor space corresponding to the colors of ton- 
er, forms a latent image on a drum according to image 2s 
data of each color in the print engine, fixes toner of the 
corresponding color and transfers it on printing paper. 
Therefore, such an electronic printer js provided with an 
image memory (or a band memory) for storing image 
data for at least one page and further, an image proc- so 
essor for processing image data stored in the image 
memory and generating image data adapted to the print 
engine. 

[0004] Normally, as the quantity of image data stored 
in an image data is enormous, it is stored in the image 35 
memory as image data compressed according to a pre- 
determined algorithm. Therefore, the image processor 
at least expands such compressed image data and sup- 
plies the expanded image data to trie print engine, 
[0005] A conventional type image processor expands 40 
compressed image data every color and supplies it to a 
print engine as it is. Therefore, the image processor 
starts the expansion of compressed image data and 
supplies the expanded image data to the print engine 
according to a horizontal synchronizing signal corre- 4S 
sponding to the printing timing of the print engine or a 
video clock (or a dot clock). If compressed image data 
is expanded, the image data of the preceding raster is 
required to be referred depending upon algorithm for 
compression and in that case, the image processor in- so 
structs to once store the expanded image data and re- 
fers to the preceding expanded image data with the start 
of expansion. 

[0006] As described above, the conventional type im- 
age processor is required to execute all image process- 5s 
ing such as internal expansion processing and the ref- 
erence of the preceding expanded image data for ex- 
pansion depending upon the printing timing of the print 
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engine. 

[0007] An electronic printer may also receive the im- 
age data of RGB from a host computer and may also 
receive the image data of CMYK corresponding to toner 
of a print engine. An image processor in a conventional 
type electronic printer processes only the image data of 
CMYK corresponding to toner utilized in a print engine. 
Therefore, when the image data of RGB is supplied, it 
is converted to the image data of CMYK by a cofor con- 
version unit in an electronic printer and the compressed 
image data of CMYK for one page for example is stored 
in an image buffer (a band memory). When the image 
data of CMYK is supplied, it is compressed as it is and 
is stored in an image buffer. Afterward, as described 
above, the above image data is expanded by the image 
processor in accordance with the timing of the print en- 
gine and is supplied to the print engine. 
[0008] However, fixed processing lime is required to 
convert the image data of RGB for one page and in a 
method of once compressing the converted Image data 
of CMYK, storing it in the image buffer and afterward 
expanding it every raster, a long time is required for 
printing. Particularly, color conversion processing is 
equivalent to overhead in printing processing and it 
takes a long time until printing is started. 

SUMMARY OF THE INVENTION 

[0009] The obj ect of the p resent invention is to provide 
an image processor for printing wherein the above prob- 
lems of conventional art are solved. 
[0010] Further, another object of the present invention 
is to provide an image processor for printing wherein 
both the image data in first color space of RGB and oth- 
ers and the image data in second color space of YMCK 
and others can be processed. 

[0011] Further, still another object of the present in- 
vention is to provide an image processor for printing 
wherein both image data in first color space and image 
data in second color space can be processed and image 
data in second color space can be supplied to a print 
engine in an electronic printer provided with the print en- 
gine that prints based upon second color space, 
[0012] Further, still another object of the present in- 
vention is to provide an image processor for printing 
wherein both imagB data in first color space and image 
data in second color space can be processed and image 
data in second color space can be supplied to a print 
engine in an electronic printer provided with the print en- 
gine in a tandem system that prints based upon second 
color space. 

[0013] To achieve the above, an image processor for 
printing according to the present invention is provided 
with an expander for expanding both the image data in 
first color space of RGB and others and the image data 
in second color space of CMYK and others and image 
data supply means for converting the expanded image 
data to image data in second color space and supplying 
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it to a print engine if the expanded image data is image 
data in first color space and supplying the expanded im- 
age data to the print engine without converting the ex- 
panded image data if the expanded image data is image 
data in second color space. 

[0014] According to the above invention, both in case 
image data in first color space is supplied from a host 
computer and in case image data in second color space 
is supplied, the image data is once compressed and is 
stored in a memory, the compressed image data is ex- 
panded by an image processor for printing according to 
the present invention as it is, the expanded image data 
is converted only if it is image data in first color space 
and is supplied to a print engine as expanded image da- 
ta in second color space. Therefore, time until image da- 
ta in first color space is supplied from a host computer, 
is expanded inside and Is supplied to a print engine is 
reduced as image data in second color space and high 
speed printing is enabled. 

[0015] To achieve the above object, the present in- 
vention is characterized in that an image processor for 
printing wherein compressed image data every color in 
first or second color space is supplied, is expanded and 
the expanded image data is supplied to a print engine 
for printing with toner in the second color space is pro- 
vided with an expander for expanding supplied com- 
pressed image data in first or second color space, an 
expanded image data memory for storing image data 
expanded by the expander in first or second color space 
and image data supply means for reading the expanded 
image data from the expanded image memory, convert- 
ing the read data to expanded image data in second 
color space if the read data is expanded image data in 
first color space and supplying expanded image data in 
second color space to a print engine without converting 
if the read data is expanded image data in second color 
space. 

[0016] Also, to achieve the above object, the present 
invention is characterized in that an image processor lor 
printing wherein compressed image data every color in 
first or second color space is supplied, is expanded and 
the expanded image data is supplied to a print engine 
for printing with toner in the second color space is pro- 
vided with an expander for expanding supplied com- 
pressed image data in first or second color space, an 
expanded image data memory having capacity for stor- 
ing expanded image data at least for the number of 
colors in first color space for storing image data expand- 
ed by the expander in first or second color space and 
image data supply means for reading the expanded im- 
age data from the expanded image memory, converting 
the read data to expanded image data in second color 
space if the read data is expanded image data in first 
color space and supplying expanded image data in sec- 
ond color space to a print engine without converting if 
the read data is expanded image data in second color 
space. 

[0017] Also, to achieve the above object, the present 



invention is characterized in that an image processor for 
printing wherein compressed image data every color in 
first or second color space is supplied, is expanded and 
the expanded image data is supplied to a print engine 
5 for printing with toner in the second color space is pro- 
vided with an expander for expanding supplied com- 
pressed image data in first or second color-space, an 
expanded image data memory for storing image data 
expanded by the expander in first or second color space, 
plural expanding units corresponding to the number of 
colors at least in first color space and image data supply 
means for reading the expanded image data from the 
expanded image memory in the above plural expanding 
units, converting the read data to expanded image data 
in second color space if the read data is expanded im- 
age data in first color space and supplying expanded 
image data in second color space to a print engine with- 
out converting if the read data is expanded image data 
in second color space. 

[0018] Features and advantages of the invention will 
be evident from the following detailed description of the 
preferred embodiments described in conjunction with 
the attached drawings. 



[0019] In the accompanying drawings: 

Fig. 1 shows the configuration of an electronic print- 
er in a first embodiment; 

Fig. 2 is a timing chart in case image processing is 
applied to the compressed image data of CMYK; 
Fig. 3 is a timing chart for explaining a case that 
image processing including expansion and color 
conversion is applied to the image data of RGBX 
and the image data is supplied to a single print en- 
gine; 

Fig. 4 is a timing chart in case image processing is 
applied to the image data of CMYK and the image 
data is supplied to a print engine in a tandem sys- 
tem; 

Fig. 5 shows the processing of an image processor 

in case resolution is unchanged; 

Fig. 6 shows the processing of the image processor 

in case resolution is converted to high resolution; 

Fig. 7 is an explanatory drawing for explaining 

processing for shifting a printed image on printing 

paper; 

Fig. 8 shows the configuration of an electronic print- 
er in a second embodiment; 
Fig. 9 shows the processing of an image processor 
in case resolution is unchanged in the second em- 
bodiment; 

Fig, 10 shows the processing of the image proces- 
sor in case resolution is changed to high resolution 
in the second embodiment; 
Fig. 11 is a timing chart in case image processing 
including expansion is applied to the image data of 
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CMYK and the image data is supplied to a single 
print engine; 

Fig, 12 is a timing chart in case image processing 
including expansion and color conversion is applied 
to the image data of RGBX and the image data Is 5 
supplied to the single print engine; and 
Fig. 13 is a timing chart in case image processing 
is applied to the image data of CMYKandthe image 
data is supplied to a print engine in a tandem sys- 
tem. 10 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] Referring to the drawings, embodiments of the 1£ 
present invention will be described below. However, 
such embodiments do not limit the technical range of 
the present invention. The present invention relates to 
an image processor in an electronic printer, however, in 
the following embodiments, an example of a page print- 20 
er utilizing a laser beam will be described. However, the 
present invention is not timited to such a page printer 



First Embodiment 
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[0021] Fig. 1 shows the configuration of an electronic 
printer in a first embodiment. An electronic printer 2 such 
as a page printer is connected to a host computer 1 via 
an input-output buffer 3. In the electronic printer 2, acon- 
troller for processing image data described in predeter- so 
mined print language supplied from the host computer 
t is provided in addition toa print engine 12 for executing 
actual printing. The controller is equivalent toa part ex- 
cept the print engine 12 and the host computer 1 in Fig. 
1, are provided with CPU 5, a memory 6 for storing an as 
interpreter program for interpreting supplied image data, 
a memory 7 for storing a compression/expansion pro- 
gram, an image buffer (a band memory) 10 for storing 
compressed image data for one page for example, a 
memory 1 1 for storing a raster operation (ROP) program 40 
for synthesizing images such as overlapping plural im- 
ages based upon the image data of RGB, a setting de- 
vice 9 for setting a printing position and others and these 
are connected via a system bus 4. Further, the controller 
is provided with an image processor 20 for expanding 45 
compressed image data stored in the image buffer 10 
and supplying the expanded image data adapted to the 
print engine. 

[0022] Image data described En predetermined print 
language supplied from the host computer 1 is interpret- so 
ed according to an interpreter program by CPU 5. CPU 
5 compresses image data every raster for example ac- 
cording to a compression/expansion program. The com- 
pressed image data is stored in the image buffer 1 0 eve- 
ry color in color space in units of raster. ss 
[0023] fmage data normally suppiied from the host 
computer 1 may be image data in the color space of 
RGB and may be image data in the color space of CMYK 



which are each toner of the print engine, in the print en- 
gine 12 of a page printer and others, each toner of 
CMYK is utilized. The electronic printer 2 in this embod- 
iment once compresses image data in any color space, 
stores it in the image buffer 10 and expands it by the 
image processor 20, The image buffer 10 is composed 
of DRAM for recording compressed image data for one 
page for example and others. If the image data of RGB 
is supplied, it is converted to image data in the coior 
space of CMYK after it is expanded in the image proc- 
essor 20. The image processor 20 suppiies image data 
of CMYK in accordance with the printing timing of the 
print engine 12. 

[0024] The image processor 20 is an integrated circuit 
formed as an application specific integrated circuit 
(ASIC) for example, directly reads compressed image 
data in the image buffer 1 0, expands it, converts it if nec- 
essary and supplies the expanded image data to the 
print engine. The image processor 20 in the first embod- 
iment is provided with a controller 30 for controlling in- 
ternal timing, a direct memory access (DMA) controller 

21 for directly reading compressed image data in the 
image buffer 1 0 without passing CPU 5, an expander 22 
for expanding the read compressed image data, first 
and second expanded image memories 24 and 25 com- 
posed of a high speed memory for storing the expanded 
image data such as SRAM, a reading buffer for printing 
27 for reading the expanded image data from the first 
or second expanded image memory 24 or 25 and a con- 
verter 33 for converting the image data of RGB to the 
image data of CMYK. Image data supply means for sup- 
plying the image data of CMYK to the print engine 12 is 
composed of the reading buffer for printing 27 and the 
converter 33 for color conversion, 

[0025] Further, the image processor 20 is provided 
with a reading buffer for expansion 29 for reading ex- 
panded image data from the first or second expanded 
image memory 24 or 25 and supplying it to the expander 

22 and a printing reading timing register 32 for storing 
the information of an image in which position in a raster 
is to be printed. 

[0026] For example, the image data in color space of 
RGB is supplied from the host computer 1, is com- 
pressed by the compression program 7 and is stored in 
the image buffer 10 in units of color plane and in units 
of raster. 

[0027] The DMA controller 21 continuously reads 
compressed image data from the image buffer (the band 
memory) 10 and supplies it to the expander 22. The 
speed of the DMA controller 21 has only to be speed 
enough to continue to always supply the quantity of data 
required by the expander 22. The expander 22 normally 
expands compressed image data in units of raster (a 
printed line) and the expanded image data in units of 
raster is written to either of the first or second expanded 
image memory 24or 25 by a writing buffer 23. As for the 
speed of expansion processing by the expander 22, one 
dot is not necessarily required to be expanded every one 
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dot clock (or image clock) CLK of the print engine and 
in one raster time, compressed image data lor one 
raster has only to be expanded. A dot clock CLK has a 
cycle acquired by dividing the cycle of a horizontal syn- 
chronizing signal HSYNC which is timing for scanning 
in the horizontal scanning direction of a laser beam in 
the print engine 12 by the number of dots in one raster. 
[0028] The expanded image memories 24 and 25 are 
a high speed random access memory composed of 
SRAM and others for example, respectively have ca- 
pacity enough to store expanded plural (for example, 
four) image data tor one raster, expanded image data 
in the memory can be read at arbitrary timing from an 
arbitrary address and at least two sets of first and sec- 
ond expanded image memories 24 and 25 are provided. 
These two sets of expanded image memories 24 and 
25 are physicaliy separate memories and while image 
data is written to either, image data can be read from 
the other. 

[0029] The reading buffer 27 for printing and the read- 
ing buffer for expansion 29 read expanded image data 
in units of raster from either of the first or second ex- 
panded image memory 24 or- 25 at timing independent 
of the timing of expansion processing by the expander 
22. The reading buffer for printing 27 reads expanded 
image data from the expanded image memories 24 and 
25 according to a dot clock (HSYNC, CLK) which is the 
timing of printing by the print engine 12, converts it to 
the format of the print engine as it is and supplies ri the 
expanded image data is the image data of CMYK. If the 
expanded image data is the image data of RGB, it is 
converted to the image data of CMYK by the converter 
33 for color conversion and is supplied to the print en- 
gine 1 2. Though the foilowing is described in detail later, 
the reading buffer 27 for printing reads expanded image 
data every raster every raster timing of the print engine 
1 2 in response to a control signal from the controller 30 
and supplies it to the converter 33 and the print engine 
12 or repeatedly supplies expanded image data every 
rastertiming to the converter 33for color conversion and 
the print engine 12. Also, the reading buffer for printing 
27 sometimes reads expanded image data in an arbi- 
trary position in a raster according to information set in 
the printing reading timing register 32 and supplies. 
Hereby, a print image is shifted by predetermined quan- 
tity on printing paper and can be printed. 
[0030] The reading buffer for expansion 29 is utilized 
in case the expanding algorithm of the expander 22 re- 
quires the reference of image data in the preceding 
raster. The reading buffer for expansion 29 reads ex- 
panded image data in the expanded image memories 
24 and 25 composed of SRAM at the timing of the mem- 
ory and bus width, converts it to the format of the ex- 
pander 22 and supplies it at the timing of expansion 
processing. If the reading buffer for expansion 29 and 
the reading buffer for printing 27 simultaneously read 
expanded image data from the same expanded image 
memory 24 or 25, both buffers alternately read by 8 



bytes for example according to a time sharing system 
and convert to the data length and the timing of the re- 
spective supply destinations. 

[0031] The print engine 1 2 drives a laser for example 
5 and prints based upon the supplied expanded image da- 
ta of CMYK. Printing for one sheet every color plane is 
executed and when printing for all planes of CMYK is 
finished, a color image is formed on printing paper. Or 
in the case of a tandem system r the image data of CMYK 
is supplied in parallel and is printed. 
[0032] The image processor 20 in the first embodi- 
ment is an integrated circuit formed as ASIC. The image 
processor 20 is provided with the expanded image 
memories 24 and 25 for storing image data after expan- 
sion as described above and can separately control the 
timing oJ expansion by the expander 22 and timing when 
the reading buffer for printing 27 supplies expanded im- 
age data to the print engine 12. Hereby as described 
later, the resolution conversion processing of image da- 
ta and the shift of a printed position on printing paper 
can be relatively easily executed. 
[0033] The first embodiment can correspond to both 
a case that the image data of CMYK corresponding to 
the color of toner of the print engine 12 is supplied! rom 
the host computer 1 and a case that the image data of 
RGB corresponding to color defined in an-application 
program run on the host computer is supplied as de- 
scribed above. Therefore, in the image buffer 10, the 
compressed image data of RGB may be stored and the 
compressed image data of CMYK may be stored, 
[0034] Therefore, the image processor 20 is com- 
posed so that both the compressed image data of CMYK 
and the compressed image data of RGB can be proc- 
essed. That is, the two sets of expanded image memo- 
ries 24 and 25 provided in the image processor 20 can 
respectively store expanded image data for four colors. 
Accordingly, the writing buffer 23 can write expanded 
image data every color of CMYK or RGB to the expand- 
ed image memories 24 and 25. Further, th e read ing buff- 
er for printing 27 can read the expanded image data of 
RGB from the expanded image memories 24 and 25 in 
parallel from an arbitrary position at arbitrary timing. The 
reading buffer for expansion 29 can read expanded im- 
age data every color corresponding to the processing of 
the expander 22 and supply it. 

[0035] For example, if image data described in Post- 
Script is supplied, the image data of CMYK already con- 
verted by an application program is supplied from the 
host computer 1. In that case, the electronic printer 2 
compresses the supplied image data of CMYK corre- 
sponding to the color of toner as it is and instructs the 
image buffer (the band memory) 10 to store it. In the 
case of image data described in PostScript, unique color 
conversion processing specified by an operator is exe- 
cuted in the host computer 1 without depending upon 
color conversion processing by the electronic printer 2 
and the electronic printer 2 only prints the supplied im- 
age data of CMYK as it is. 
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[0036] In the meantime, if the image data of RGB is 
supplied from the host computer 1 as image data gen- 
erated by a normal application program and others, the 
image data of RGB is also compressed as it is and is 
stored in the image buffer (the band memory) 10. The 
image data is expanded every raster by the image proc- 
essor 20, is converted to the image data of CMYK by 
the converter 33 for color conversion and is supplied to 
the print engine 12. 

[0037] in this embodiment, attribute data X for speci- 
fying conversion processing such as specifying a con- 
version table utilized for color conversion processing is 
attached to the image data of RGB. Therefore, in this 
embodiment, the image data in the color space of RGB 
is the image data including attribute data of RGBX. 
[0038] If the image data of RGB generated by a nor- 
mal application program and others is supplied from the 
host computer 1 , the RGB image data is stored in the 
image buffer 10 and for example, synthesis processing 
such as overlapping RGB image data on piural pages 
can be executed in the electronic printer. Such an image 
synthesis function may be called raster operation 
(ROP). 

[0039] As described above, when the image proces- 
sor 20 is composed so that it can process only the image 
data of CMYK in case the compressed image data of 
RGBX is stored jn the image buffer 10, the image data 
of RG BX for one page is required to be converted to the 
image data of CMYK by a color conversion unit before 
the above image data is expanded in the image proces- 
sor 20. When expansion processing is executed by one 
raster in the image processing 20 after the above color 
conversion processing, it takes a relatively longtime to 
execute color conversion processing before expansion 
processing and the overhead of time required for print- 
ing is extended. 

[0040] Then, in the first embodiment, the two sets of 
expanded image memories 24 and 25 provided in the 
image processor 20 can respectively store the image 
data of four colors. That is, the four compressed image 
data of RGBX stored in the image buffer 10 are contin- 
uously read in one raster cycle by the DMA controller 
21 , are expanded by the expander 22 and the expanded 
image data of four colors is written to either in a written 
state of the expanded image memory 24 or 25. In the 
next raster cycle, the written expanded image data of 
RGBX is read from the memories 24 and 25 in a read 
state in parallel by the reading buffer for printing 27, is 
converted from the image data of RGBX to any image 
data of CMYK by the converter 33 for color conversion 
and is supplied to the print engine 1 2. The converter 33 
sets a color conversion table not shown according to at- 
tribute data X and converts to any image data of CMYK 
by one dot utilizing the color conversion table. 
[0041] According to the above image processor 20, 
the expansion processing and the color conversion 
processing of the image data of RGBX can be executed 
in units of raster according to pipelining, overhead can 



be reduced, compared with a case that color conversion 
processing for one page is first executed and printing 
speed can be enhanced. 

[0042] If the image data of CMYK is stored in the im- 
5 age buffer 10, it is expanded by the expander 22, is 
stored in the expanded image memories 24 and 25, the 
reading buffer for printing 27 reads it and the read data 
is directly supplied to the print engine 1 2 without passing 
the converter 33. 
10 [0043] A case that the image processing 20 shown in 
Fig. 1 in the first embodiment applies image processing 
such as expansion to the image data of CMYK and sup- 
plies the image data to a single print engine, a case that 
image processing including expansion and color con- 
is version is applied to the image data of RGBX and the 
image data is supplied to a single print engine and a 
case that image processing is applied to the image data 
of CMYK and the image data is supplied to a print engine 
in a tandem system will be sequentially described below. 
so [0044] Fig. 2 is a timing chart in case image process- 
ing is applied to the compressed image data of CMYK 
stored in the image buffer (the band memory) 10. Fig. 2 
(a) shows a horizontal synchronizing signal HSYNC 
showing the timing of printing by the print engine 12 such 
25 as raster cycles R0 and R1. Fig. 2 (b) shows image 
memories for CMYK in the image buffer 10 and in this 
example, in the image buffer 10, the compressed image 
data of CMYK is stored in units of raster. That is, the 
image data CI DrO, Cf DM , — of a C plane are stored from 
30 an area having a low order address and in an area hav- 
ing a high order address, the image data KIDrm-1 and 
KJDrm of a K plane are stored. Fig. 2 (c) shows reading 
by the DMA controller 21 , expansion processing by the 
expander 22 and writing processing to the image mem- 
35 ories 24 and 25 by the writing buffer 23. Figs. 2 (d) and 
2 (e) respectively show image data in the expanded im- 
age memory in a written state and in the expanded im- 
age memory in a read state. Fig. 2 (f) shows the reading 
of expanded image data by the reading buffer for print- 
40 ing 27 and supply processing to the print engine 12. 
[0045] In the example shown in Fig. 2, the resolution 
of image data shall be unchanged. Every raster cycle 
R0 or R1 , the DMA controller 21 reads compressed im- 
age data in the image buffer 10 in units of raster and 
45 supplies it to the expander 22 (processing (c)). fn the 
example shown in Fig. 2, the image processing of the C 
plane is shown and first, the compressed image data 
CI DrO of cyan is read. The compressed image data 
CJDrO is expanded by the expander 22 according to ex- 
50 pans ion algorithm and is written to the expanded image 
memory 24 in a written state by the writing buffer 23 
(processing (c)). 

[0046] In the next raster cycle R1 , the compressed im- 
age data CtDrl of the next raster is read by the DMA 
55 controller 21 , is supplied to the expander 22 and is writ- 
ten to the expanded image memory 25 in a written state 
by the writing buffer 23. In parallel, the reading buffer for 
printing 27 reads the stored expanded image data CI DrO 
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for one raster from the expanded image memory 24 in 
a read state and directly supplies it to the print engine 
1 2. Reading timing at this time is controlled by a control 
signal from the controller 30 and the area of expanded 
image data to be read in a raster is set in the printing 
reading timing register 32. The frequency of reading, the 
frequency of repetition and others are controlled by a 
control signal from the controller 30 and the above 
change of resolution is enabled. Also, the shift of a print- 
ed image on printing paper is enabled by setting a read 
area based upon a set value in the printing reading tim- 
ing register 32 and controlling reading timing. In any 
case, the reading timing and the supply timing of the 
reading buffer for printing 27 are controlled at timing in- 
dependent of expansion processing, 
[0047] In the raster cycle R1, if the expander 22 re- 
quires the reference of the fmage data of the preceding 
raster, expanded image data CiDrO in the expanded im- 
age memory 24 in a read state is read in accordance 
with the timing of expansion processing by the reading 
buffer 29 for expansion and is supplied to the expander 
22. The reading timing of the reading buffer for expan- 
sion 29 is independent of that of the reading buffer for 
printing 27. However, if both buffers 27 and 29 are re- 
quired to simultaneously read the same expanded im- 
age data CIDrO, it is read according to a tfme sharing 
system in units of predetermined data (for example, in 
units of 8 bytes). 

[0048] In the next raster, the similar image processing 
is also executed by the image processor 20. When the 
image processing for one page of the C plane is finished, 
the image processing for one page of the next M plane 
is executed and further, the image processing for one 
page of a Y plane and a K plane is executed. As a result, 
in the print engine 12, the respective toner of CMYK is 
overlapped according to the respective latent images on 
printing paper and a color image is generated, 
[0049] Fig. 3 is a timing chart for explaining a case 
that image processing including expansion and color 
conversion is applied to the image data of RGBX and 
the image data is supplied to a single print engine, (a) 
to (f) in Fig. 3 are the same as those in Fig, 2, In a case 
shown in Fig. 3, in the image buffer 10, the image data 
of RGBX (however, X is attribute data) is sequentially 
stored in units of raster from an area having a low order 
address to an area having a high order address. That 
is, for a raster r0, the image data RIDrO of R, the image 
data GIDrO of G, the image data BIDrO of B and the at- 
tribute data XrO of X are stored. The data length of these 
is respectively different. For the next raster r1, the re- 
spective data of RGBX is also simifarly stored for one 
raster and the respective data of RGBX for the last raster 
rm is stored in a final area, 

[0050] In the case shown in Fig. 3, the image data CI D 
for one raster of the C plane for example is supplied to 
the print engine 12 by expanding all the image data of 
RGBX and supplying it to the converter 27 lor color con- 
version in one raster cycle. Therefore, the DMA control- 



ler 21, the expander 22, the writing buffer 23 and the 
reading buffer for expansion 29 have quadruple high 
speed throughput, compared with the case of CMYK 
shown in Fig. 2 and in one raster cycle, four types of 

5 image data are processed. 

[0051] In the raster cycle R0, the DMA controller 21 
reads the image-data (however, including attribute data 
X) of RGBX in the first raster rO from the image buffer 
10 and supplies it to the expander 22 (processing (c)). 

1Q The expander 22 expands each image data RIDrO, 
GIDrO, BIDrO and XrO at the quadruple speed of a video 
clock CLK determined based upon a horizontal synchro- 
nizing signal HSYNC. The writing buffer 23 writes the 
expanded image data RIDrO, GIDrO, BIDrO and XrO to 

'5 the respective corresponding areas in the expanded im- 
age memory 24 in a written state (processing (c)), 
[0052] In the next raster cycle R1 , the DMA controller 

21 similarly reads the image data of RGBX in the next 
raster r1 from the image buffer 10, supplies it to the ex- 

20 pander 22 and the expander 22 expands each image 
data RIDrl, GIDrl, BIDrt and Xr1 at the quadruple 
speed of a video clock CLK. At this time, if the expander 

22 requires the reference of the image data of the pre- 
ceding raster by one, each image data RIDrO, GIDrO, 
BIDrO and XrO are sequentially read from the expanded 
image memory 24 in a read state corresponding to the 
timing of expansion processing by the expander 22 by 
the reading buffer or expansion 29 and are supplied to 
the expander 22. 

[0053] Expanded image data RIDrf), GIDrO, BIDrO 
and XrO in the expanded image memory 24 in a read 
state are read in paral le I by the readin g b uffer for printing 
27 and are supplied to the converter 33 for color con- 
version. In the converter 33 for color conversion, the im- 
age data of RGB is converted to the image data CIDrO 
of the C plane utilizing the corresponding color conver- 
sion table referring to attribute data X. The above color 
conversion processing is executed in synchronization 
with an image clock CLK of the print engine in units of 
dot. The image data CIDrO to which color conversion is 
applied js supplied to the print engine 1 2 and is printed. 
At this time, the delay of the processing of the converter 
33 for color conversion occurs in the image data CIDrO 
supplied to the print engine 12, however, if the delay is 
compared with time required for color conversion 
processing for one page before expansion processing, 
the delay time is shorter. 

[0054] In the above example, as the image data of 
four colors can be simultaneously stored in the expand- 
ed image memories 24 and 25 y the reading buffer for 
printing 27 can read the data of RGBX in parallel and 
can supply it to the converter 33 for color conversion. In 
the converter 33 for color conversion, the image data of 
RGB is converted to any image data of CMYK in units 
of dot corresponding to the printing speed oi the print 
engine 12. Therefore, printing speed can be enhanced 
more than that in case color conversion processing to 
CMYK is applied to the image data for one page of RG- 
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BX before the fmage processor 20. 
[0055] Fig. 4is a timing chart in case image process- 
ing is applied to the image data of CMYK and the image 
daia is supplied to a print engine in a tandem system. 
In the first embodiment shown in Fig. 1, the DMA con- s 
troller 21, the expander 22 and others have ability to 
process four image data in one raster cycle. However, 
if the image data of CMYK is stored in the image buffer 
10 as shown in Fig. 2, the expansion of image data and 
supply to the print engine are executed every plane of 10 
each color, Therefore, in the case of the image data of 
CMYK, the ability of expander 22 and others is not uti- 
lized fully. 

[0056] I n Fig. 4> an example of a tandem type that the 
print engine 12 can print the image data of four colors 1& 
in parallel is shown, the image data of CMYK is expand- 
ed in each raster cycle, is written to the expanded image 
memories 24 and 25, is read in parallel and is supplied 
to the print engine 12. 

[0057] In the image buffer 1 0, the compressed image so 
data of CMYK to which color conversion processing is 
applied is continuously stored every raster. That is, for 
the raster r0 t the image data CIDrO, MIDrO, YIDrO and 
KIDrO of CMYK are stored in the order and for the next 
raster r1 , the image data of CMYK is respectively eimi- 25 
tarly stored, 

[0058] In the raster cycle R0, the DMA controller 21 
reads the compressed image data CIDrO, MIDrO, YIDrO 
and KIDrO of CMYK from the image buffer 1 0 according 
to time series and supplies them to the expander 22 30 
(processing (c)). Therefore, the expander 22 expands 
four compressed image data in one raster cycle. The 
writing buffer 23 writes their expanded image data to 
one expanded image memory 24 in a written state 
(processing (c)). 35 
[0059] tn the next raster cycle R1, the DMA controller 
21 also similarly reads the compressed image data 
C)Dr1> MIDrl, YIDrt and KIDrl of CMYK in the next 
raster from the image buffer 10 according to time series 
and trie expander 22 expands their four compressed im- 
age data. The writing buffer 23 writes their expanded 
image data to the expanded image memory 25 convert- 
ed to a written state (processing (c)). At this time, if the 
expander 22 requires the reference of the image data 
of the preceding raster by one, the reading buffer for ex- 4S 
pansion 29 reads the expanded image data CIDrO, 
MIDrO, YIDrO and KIDrO from the expanded image 
memory 24 in a read state according to the timing of 
expansion processing and supplies Ft. 
[0060] As the expanded image data CIDrO, MIDrO, so 
YIDrO and KIDrO of four CMYK are stored in the image 
memory 24 in the raster cycle R0 in a state that they are 
accessible in parallel, the reading buffer for printing 27 
can read the image data of four colors from the respec- 
tive arbitrary areas at arbitrary timing and can supply ss 
them to the print engine 12 in the raster cycle R1 . If the 
print engine 12 is a tandem engine wherein the image 
data of four colors can be printed in paralfef, the reading 



buffer for printing 27 simultaneously supplies four image 
data CIDrO, MIDrO, YIDrO and KIDrO for example in par- 
allel as shown in Fig. 4 (f1) and high speed printing is 
enabled. 

[0061] If the supply of the four image data CIDrO, 
MIDrO, YIDrO and KIDrO is required to be delayed by a 
little depending upon the operational timing of four en- 
gines in the print engine 12, the reading buffer for print- 
ing 27 reads the respective image data from the image 
memory 24 in a read state respectively at different time 
as shown in Fig. 4 (f2) and supplies it to print engine 1 2, 
[0062] Reading timing for supplying image data to the 
print engine 12 can be arbitrarily set independent of ex- 
pansion processing by providing two sets of expanded 
image memories for storing expanded image data and 
image data can be supplied corresponding to various 
print engines 12, 

[0063] In the first embodiment, the image data of RG- 
BX can be processed and the image data of CMYK can 
be also supplied to the tandem engine in parallel. In that 
case, the converter 33 for color conversion is required 
to have configuration for converting to the image data 
of four colors. For example, the image data of RGBX 
can be converted to the image data of four CMYK in par- 
allel by providing the converter 33 for color conversion 
fourfold. In that case, processing in the image processor 
20 is the same as that in the example shown in Fig. 3, 
only final color conversion processing is executed in 
parallel for four colors and the image data of CMYK is 
simultaneously supplied to the print engine. 
[0064] In the first embodiment, reading timing, a read 
area, a read frequency and others by the reading buffer 
for printing 27 can be controlled independent of expan- 
sion processing by using either of the two sets of ex- 
panded imag e memories 24 and 25 for a writin g m emory 
after expansion and using the other for a reading mem- 
ory for printing. Therefore, as in a second embodiment 
described later, printing at different resolution is also en- 
abled. Further, a printed image can be also suitably shift- 
ed on printing paper and printed by suitably controlling 
reading, timing and a read area by the reading buffer for 
printing 27, 

[0065] Fig. 5 shows the processing of the image proc- 
essor in case resolution is unchanged. In this example, 
the image processor 20 processes compressed image 
data corresponding to the resolution of 600 dpi, gener- 
ates image data corresponding to 600 dpi which is the 
resolution of the print engine 12 and supplies it to the 
print engine 1 2. Figs. 5 (a) to (f) correspond to (a) to (f) 
in Figs. 2, 3 and 4. Fig. 5 (g) shows image data printed 
by the print engine 12. 

[0066] Compressed image data IDrOto IDr5 in units 
of raster stored in the image buffer (the band memory) 
10 are read at timing every raster by the DMA controller 
21 , are supplied to the expander 22 and are respectively 
expanded (processing (c)). The writing buffer 23 alter- 
nately writes the expanded image data to the expanded 
image memories 24 and 25 (Processing (c)). The ex- 
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panded image memory 24 is shown as SRAM#0 and 
the expanded image memory 25 is shown as SRAM#1. 
Next, in the next raster cycle, the written state and the 
read state of the expanded image memories 24 and 25 
are switched and expanded image data is alternately 
read from the expanded Image memories 24 and 25 by 
the reading buffer for printing 27 (processing (f)). The 
reading buffer for printing 27 supplies read expanded 
image data to the print engine 12 In synchronization with 
the timing HSYNC of printing by the print engine ora dot 
clock CLK (processing (I)). If expanding algorithm in 
which the expander 22 requires the reference of the im- 
age data of the preceding raster is used, expanded im- 
age data is read from the expanded image memories 24 
and 25 in a read state by the reading buffer for expan- 
sion 29 according to a time sharing system together with 
the reading buffer for printing 27, 
[0067] - As shown in Fig. 5, while image data is written 
to eitherof the expanded image memory 24 or 25, image 
data is read from the other of the expanded image mem- 
ories 24 and 25. The frequency of both processing is 
equal. 

[0068] Fig, 6 shows the processing of the image proc- 
essor in case resolution is converted to higher resolu- 
tion. In this example, the image processor 20 processes 
compressed image data corresponding to the resolution 
of 300 dpi, generates image data corresponding to 600 
dpi which is the resolution of the print engine 12 and 
supplies it to the print engine 12. 
[0069] To print with the print engine having the reso- 
lution of 600 dpi, image data IDrO to IDr5 corresponding 
to the resolution of 300 dpi are read from the image buff- 
er 10 every other raster, are expanded and are written 
to the expanded image memories 24 and 25 in a written 
state. In the meantime, expanded image data is read 
every raster cycle from the expanded image memories 
24 and 25 in a read state by the reading buffer for print- 
ing 27 and is supplied to the print engine 1 2. The reading 
buffer for expansion 29 reads expanded image data in 
the expanded image memories 24 and 25 in a read state 
only when the expander 22 executes expansion 
processing and supplies it to the expander 22. The read- 
ing buffer for printing 27 is not required to read expanded 
image data by twice if the buffer has a memory provided 
with capacity enough to store image data for one raster 
inside. 

[0070] The reading buffer for printing 27 andthe read- 
ing buffer for expansion 29 may simultaneously read 
from the expanded image memory 24 (SRAM#0) ac- 
cording to a time sharing system depending upon ex- 
panding algorithm while image data IDr1 is expanded. 
[0071] If image data supplied from the host computer 
1 has higher resolution, the frequency of reading from 
the expanded image memories 24 and 25 in a read state 
and the frequency of the supply o\ image data to the 
print engine 12 become lower, compared with the fre- 
quency of expansion by the expander 22 reversely to 
the above case. As a result, the image data of dots 



thinned down at predetermined ratio from image data 
having high resolution is supplied to the print engine 12 
and the printing of an image the resolution of which is 
low is enabled. 

5 [0072] The control by the change of resolution of the 
DMA controller 21 and the reading buffer for printing 27 
is suitably executed by the controller 30. 
[0073] As shown in Fig. 6, the image processor 20 in 
the first embodiment is provided with at least two sets 

10 of expanded image memories 24 and 25 for temporarily 
storing expanded image data and while image data is 
written to one memory, reading from the other memory 
is executed independent of the above writing. Owing to 
such configuration, the frequency of reading from the 

1£ expanded image memory in a read state and the fre- 
quency of writing from the expander 22 to the expanded 
image memory in a written state can be separately con- 
trolled and the resolution of image data can be changed 
Ireely, 

20 [0074] Fig. 7 is an explanatory drawing for explaining 
processing for shifting a printed image on printing paper. 
Figs. 7 (a) to 7 (f) correspond to (a) to (f) in Figs. 2 to 6, 
In the image buffer (the band memory) 10, image data 
IDrO, IDr1 and IDr2 compressed in units of raster are 
25 stored every color of CMYK. As the image data in units 
of raster is compressed image data, the data length is 
variable. 

[0075] Compressed image data in the image buffer 1 0 
is read in order from a low order address to a high order 
30 address in units of raster by 1he DMA controller 21 and 
is supplied to the expander 22. The expander 22 ex- 
pands compressed image data for one raster in the 
raster cycle R0 synchronized with a horizontal synchro- 
nizing signal HSYNC and the writing buffer 23 writes ex- 
35 panded image data to the expanded image memory 24 
in a written state (processing (c)). During expansion 
processing by the expander 22, if necessary, the ex- 
panded image data of the preceding raster by one is 
read from the other memory 25 in a read state by the 
40 reading buffer for expansion 29 and is supplied to the 
expander 22 according to the timing of expansion 
processing in the format of expansion processing. In the 
expander 22, referring to the image data of the preced- 
ing raster, compressed image data is expanded accord- 
45 ing to predetermined expanding algorithm. 

[0076] In the next raster cycle R1, the written state 
and the read state of the expanded image memories 24 
and 25 are switched, while the expanded image data 
IDr1 of the next raster is written to the expanded image 
^0 memory 25 in a written state, the expanded image data 
IDrO of the preceding raster is read from the expanded 
image memory 24 in a read state by the reading buffer 
for printing 27 and is supplied to the print engine 1 2 cor- 
responding to the printing timing of the print engine 12 
55 in a data format adapted to the print engine 12. The 
above processing is executed in synchronization with 
the timing of a dot clock CLK of the print engine 12, Si- 
multaneously, if required for expansion processing, im- 
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age data IDrO is read from the expanded image memory 
24 by the reading buffer for expansion 29. 
[0077] The reading buffer for printing 27 refers to the 
printing reading timing register 32 that stores a printing 
started position suppliedby a print position setting de- 
vice 9 and termination information, reads expanded im- 
age data in the expanded image memory 24 in a read 
state from an arbitrary address to an arbitrary address 
and supplies it in accordance with the printing timing of 
the print engine 12. An area in which such image data 
in a raster is read and the timing of the supply of the 
image data to the print engine 12 are controlled based 
upon information set in the register 32 independent of 
image data to be expanded by the expander 22 and ex- 
panding timing. 

[0078] Therefore, in the case of normal printing (f1), 
in a raster cycle determined according to a horizontal 
synchronizing signal HSYNC, image data IDrO for one 
raster is all read from the memory 24 in a read state and 
is supplied to the print engine 12 at normal timing. 
[0079] if a printed image is to be shifted on the ieft 
side of printing paper PP (f2), the reading buffer for print- 
ing 27 starts to read image data on the back side in a 
raster in the expanded image memory 24 in a read state 
from a halfway area in the raster according to a set value 
in the register 32 in synchronization with the first timing 
of the raster cycle R1 . As a result, on printing paper PR 
as shown in Fig. 7, an image on the right side in the 
raster is printed and the image is shifted left on the print- 
ing paper PP. However, in the raster cycle R1 , the image 
data IDr1 of the next raster is all expanded in the raster 
cycle R1. The above timing of expansion processing is 
independent of the reading timing of the reading buffer 
for printing 27 and others. II the reference of the image 
data of the preceding raster is required in expansion 
processing, the reading buffer for expansion 29 reads 
image data for one raster from the memory 24 in a read 
state and supplies it to the expander 22. That is, in the 
raster cycle R1, the expander 22 expands image data 
IDr1 for the next one raster, the reading buffer for ex- 
pansion 29 reads the image data IDrO for the preceding 
one raster and supplies it to the expander, the reading 
buffer for printing 27 reads the image data IDrO for the 
second half of one raster and supplies it to the print en- 
gine 12 in synchronization with a dot dock CLK. 
[0080] Further, if a printed image is to be shifted on 
the right side of printing paper PP (f3), the reading buffer 
for printing 27 starts to read image data IDrO in the ex- 
panded image memory 24 in a read state from the lead- 
ing area in a raster according to a set value in the reg- 
ister 32 in synchronization with the first timing of the 
raster cycle R1 and reads the image data to the middle 
of the raster. The image data iDrO of a part is supplied 
to the print engine 12. As a result, on the printing paper 
PP, as shown in Fig, 7, an image on the left side of the 
raster is printed and is shifted right on the printing paper 
PP. The operation of the reading buffer for expansion 29 
in this case is the same as that in the above case (f2). 



[0081] As described above, as two sets of expanded 
image memories 24 and 25 that store expanded image 
data are provided and are controlled so that they are 
alternately in a written state and in a read state, the read- 
£ ing buffer for printing 27 can read image data in an area 
in an independent raster from the memories 24 and 25 
in a read state at timing independent of expansion 
processing and can supply it to the print engine 12. 
Therefore, as shown in Fig. 7, image data in an arbitrary 
io area in a raster can be supplied to the print engine 12 
at arbitrary timing and can be printed. That is, a printed 
image in an arbitrary area is shifted in an arbitrary posi- 
tion on printing paper without having a bad effect upon 
expansion processing and can be printed. 
is [0082] If the image data of RGBX is stored in the im- 
age buffer 10, it is converted to any image data of CMYK 
by the converter 33 for color conversion between the 
reading buffer for printing 27 and the print engine 12, 
Therefore, the reading timing of the reading buffer for 
20 printing 27 is controiled counting time required for the 
above color conversion. 

Second Embodiment 

25 [0083] Fig. 8 shows a part of an electrophotographic 
printer in a second embodiment. In the first embodiment, 
the expander 22 requires ability to expand four types of 
compressed image data in one raster cycle. If attribute 
data X is not attached, the expander 22 is aiso required 

so to expand the compressed image data of three colors 
of RGB. Then, in the second embodiment, two sets of 
expanded image memories 24 and 25 are provided and 
simultaneously, two sets of compressed image memo- 
ries 34 and 35 for temporariiy storing compressed image 

35 data and four expanding units 220 to 226 are provided. 
The two sets of compressed image memories 34 and 
35 are controlled as the expanded image memories 24 
and 25 so that they are alternately in a written state and 
in a read state. 

40 [0084] As shown in Fig. 8, the expanding unit 220 is 
provided with an expander 22 for the image data of one 
color and expanded image memories 24 and 25 differ- 
ently from those in the first embodiment. As the com- 
pressed image memories 34 and 35 are respectively 

4S composed of SRAM#0 and SHAM#1 , the expanded im- 
age memories 24 and 25 are shown as SRAM#2 and 
SRAM#3. The other expanding units 222, 224 and 226 
also have the similar configuration to the expanding unit 
220 shown in a lower half of Fig. 8. The expanding unit 

so is provided with a reading buffer 38 to read compressed 
image data from the compressed image memories 34 
and 35 and supply it to the expander 22. 
[0085] As four expanding units are provided, the com- 
pressed image memories 34 and 35 one of which is in 

55 a written state and the other of which is in read state and 
a writing buffer 39 are provided between a DMA control- 
ler 21 and the expanding units. These compressed im- 
age memories 34 and 35 respectively at least have ca- 
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pacity enough to store four sets of compressed image 
data for one raster. The compressed image memories 
34 and 35 are also controlled so that they are alternately 
in a written state and in a read state as the expanded 
image memories 24 and 25. 

[0086] In the case of Fig, 8, a controller 30 is also pro- 
vided in an image processor 20 and controls the DMA 
controller 21 , the DMA writing buffer 39 and timing in the 
expanding unit. A horizontal synchronizing signal 
HSYNC or a dot clock CLK corresponding to the timing 
of a print engine is supplied to the controller 30, 
[0087] If the image data of RGBX is stored in an image 
buffer 1 0, it is expanded by four expanding units 220 to 
226, is supplied to a converter 33 for color conversion 
and the image data of CMYK converted according to at- 
tribute data X is supplied to the print engine 12. In this 
embodiment, image data supply means for supplying 
the image data of CMYK to the print engine 12 is also 
composed of the reading buffer for printing 27 and the 
converter 33. 

[0088] Fig. 9 shows the processing of the image proc- 
essor in the second embodiment if resolution is un- 
changed. This case is a case that the image data of RG- 
BX (or attribute data) is stored in the image buffer 10 
and is a case that the image data of a C plane is supplied 
to the print engine 12. 

[0089] In a raster cycle R0, the compressed image da- 
ta IDrO of RGBXfor one rasterstored in the image buffer 
1 0 is read by the DMA controller 21 and is stored in the 
compressed image memory 34 in a written state by the 
DMA writing buffer 39 (processing (c1)). The com- 
pressed image memories 34 and 35 can respectively 
store four types of data at least lor one raster 
[0090] Next, in a raster cycle R1, similarly, the com- 
pressed image data IDr1 of RGBX for one rasterstored 
in the image buffer 10 is read by the DMA controller 21 
and is stored in the compressed image memory 35 in a 
written state by the DMA writing buffer 39 (processing 
(d)). Simultaneously, the reading buffer 38 in the ex- 
panding units 220 to 226 reads compressed image data 
corresponding to respective RGBX from the com- 
pressed image memory 34 in a read state and supplies 
it to the expander 22 in the respective expanding units. 
Therefore, the respective compressed image data IDrO 
(RGBX) are expanded in parallel by the expander 22 in 
the four expanding units and are written to the expanded 
image memory 24 in a written state by the writing buffer 
23 in the respective units (processing (c4)), 
[0091] In the next raster cycle R2, the next com- 
pressed image data IDr2 is read by the DMA controller 
21 and is written to the compressed image memory 34 
in a written state by the DMA writing buffer 39 (process- 
ing (d)). In parallel with it, the compressed image data 
I Dr1 of RGBX is read from the compressed image mem- 
ory 35 in a read state by the reading buffer 38, is ex- 
panded by the respective expanders 22 and is written 
to the expanded image memory 25 in a written state 
(processing (c4)). The expanded data IDrO of RGBX 



stored in the expanded image memory 24 in a read state 
is read by the reading buffer for printing 27 and is sup- 
plied to the converter 33 for color conversion in parallel 
(processing (f)). The above each timing of reading and 

s supply is controlled independent of the timing of expan- 
sion as in the first embodiment so that it is arbitrary tim- 
ing, an arbitrary area is read and is supplied. The con- 
verter 33 for color conversion applies color conversion 
processing according to the attribute data X to the ex- 

10 panded data of RGBX, generates the image data IDrO 
(C) of cyan (C) and supplies it to the print engine 12. 
[0092] In the raster cycle R2, the expander 22 ex- 
pands the compressed image data IDrl of RGBX, how- 
ever, if the reference of the preceding image data by one 

1& is required, the reading buffer for expansion 29 in the 
expanding unit reads the expanded image data IDrO 
from the expanded image memory 24 (SRAM#2) in a 
read state in parallel according to the timing of expan- 
sion processing and supplies it to the respective corre- 

20 sponding expanders 22. 

[0093] As shown in Fig. 9, the expansion of com- 
pressed image data and writing to the expanded image 
memories 24 and 25, and reading from the expanded 
image memories 24 and 25 and supply to the print en- 

25 gine after color conversion are performed every raster 
cycle. Therefore, the image data of 600 dpi based upon 
the image data of RGBX having the resolution of 600 
dpi is supplied to the print engine 1 2 and is printed. 
[0094] Fig. 10 shows the processing of the image 

30 processor in the second embodiment if resolution is 
changed to high resolution. In this example, the expand- 
ed image data IDr0(C) of the C plane of 600 dpi is gen- 
erated based upon the compressed image data IDrO 
(RGBX) of RGBX of 300 dpi. Therefore, reading 

55 processing by the DMA controller 21 and expansion 
processing by the expander 22 in each expanding unit 
are executed once in two raster cycles and reading 
processing by the reading buffer for printing 27 in the 
expanding unit is executed every raster cycle. There- 
to fore, the reading buffer for printing 27 has twice as many 
processing frequencies as those of the expander. If res- 
olution is lowered, each frequency of the above process- 
ing is reverse. The above frequency can be easily 
changed by providing two sets of expanded image 

45 memories 24 and 25 one of which is in a written state 
and the other of which is in a read state. 
[0095] First, in the raster cycle R0, the compressed 
data IDrO(RGBX) of RGBX is read by the DMAcontroller 
21 and is written to one compressed image memory 34 

50 (processing (c1)). In the next raster cycle R1, com- 
pressed data IDrO is respectively supplied from the re- 
spective corresponding compressed image memories 
34 to the expander 22 by the reading buffer 38 in the 
expanding unit, is expanded and is written to the ex- 

55 panded image memory 24 (processing (c4)). 

[0096] tn the next raster cycle R2, respective expand- 
ed image data (or the attribute data X) are read from the 
expanded image memory 24 (SRAM#2) in a read state 
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by the reading buffer for printing 27 and are supplied to 
the converter 33 for color conversion (processing (f)). 
The image data IDrO(C) to which color conversion 
processing is applied is supplied to the print engine 12. 
Also, in parallel, the compressed image data IDr1(RG- 
BX) of the next raster is read by the DMA controller 21 
and is written to the compressed image memory 35 in a 
written state. 

[0097] In the next raster cycle R3, the corresponding 
data IDr1 (RGBX) is read from the compressed image 
memory 35 (SRAM#1) in a read state by the reading 
buff e r 38, is suppl ied to th e respective expanders 22 and 
is expanded. At this time, jf necessary, the preceding 
expanded image data IDrO(RGBX) by one is read from 
the expanded image memory 24 in a read state by the 
reading buffer for expansion 29 and is supplied to the 
expander 22 in synchronization with expansion 
processing. Also, in the rastercycle R3 r the readingbuff- 
er for printing 27 again reads already expanded image 
data IDrO(RGBX) of RGBX from the expanded image 
memory 24 in a read state, the converter 33 for color 
conversion converts It to the image data of the C plane 
and supplies it to the print engine 12. Hereby, the image 
data the resolution of which is 600 dpi equivalent to dou- 
ble is supplied to the print engine 1 2. 
[0098] The compressed image data IDr2(RGBX) of 
the next raster is also similarly read, fs expanded, after- 
ward, is converted at a double frequency and is supplied 
to the print engine, 

[0099] Though not shown, in the second embodiment, 
a printed image can be also shifted to an arbitrary posi- 
tion on printing paper and can be printed by controlling 
a read area and reading timing by the reading buffer for 
printing 27 as shown in Fig. 7 In relation io the first em- 
bodiment. 

[0100] Next, a case that image processing including 
expansion is applied to the image data of CMYK and the 
image data is supplied to a single print engine, a case 
that image processing including expansion and color 
conversion is applied to the image data of RGBX and 
the image data is supplied to a single print engine and 
a case that image processing is applied to the image 
data of CMYK and the image data is supplied to a print 
engine in a tandem system in the second embodiment 
will be sequentially described, compared with those cas- 
es in the first embodiment. 

[0101] Fig. 11 is a timing chart in case image process- 
ing including expansion is applied to the image data of 
CMYK and the image data is supplied to a single print 
engine. In this case, only the expanding units corre- 
sponding to CMYK of lour expanding units 220 to 226 
execute expansion processing. In this case, com- 
pressed image data in the image bufler 10 is the same 
as that in Fig. 2. 

[0102] In the raster cycle R0, the DMA controller 21 
reads the compressed image data CIDrO for one raster 
of the C plane from the image buffer 10 and writes it to 
the compressed image memory 34 (c1). Next, in the 



raster cycle R1 , while the DMA controller 21 reads the 
next compressed image data CIDrl and writes it to the 
compressed image memory 35 (c1), the reading buffer 
38 reads the image data CIDrO from the compressed 

5 image memory 34 in a read state and supplies it io the 
expander 22. The expander 22 expands the com- 
pressed image data CjDrO, referring to the preceding 
image data by one if necessary and writes it to the ex- 
panded image memory 24 in a written state. The above 

to expansion processing is executed at speed equal to a 
video clock (or a dot clock) CLK synchronized with a hor- 
izontal synchronizing signal HSYNC, 
[0103] In the raster cycle R2, the reading buffer for 
printing 27 reads expanded image data CIDrO from the 

15 expanded image memory 24 in a read state and sup- 
plies it to the print engine 12. The above reading and 
supply are also executed at speed equal to a video clock 
(or a dot clock). 

[0104] Fig. 12 is a timing chart in case image process- 

20 jng including expansion and color conversion is applied 
to the image data of RGBX and the image data is sup- 
plied to a single print engine. The compressed image 
data of RGBX in the image buffer 10 is the same as that 
in the case of Fig, 3. 

SB [0105] in the raster cycle R0, the DMA controller 21 
reads the compressed image data RIDrO, GtDrQ, BIDrO 
and XrO of RGBX for a raster rO from the image buffer 
and the DMA writing bufler 39 writes the compressed 
image data to the respective areas of the compressed 

30 image memory 34 in a written state (c1 ). 

[0106] In the next raster cycle R1, four expanding 
units read the corresponding compressed image data 
from the compressed image memory 34 in a read state, 
executes expansion processing and write it to the ex- 

35 panded image memory 24 (c4). As in a second embod- 
iment, four expanding units are provided in parallel dif- 
ferently from the first embodiment, an expander 22 in 
each expanding unit can execute expansion processing 
at speed equal to a video clock (adotcfock) CLK. At this 

40 time, if necessary, a reading buffer for expansion 29 
reads image data from an expanded image memory 25 
and supplies it to the respective expanders. 
[01 07] In the next raster cycle R2, the expanded data 
of RGBX is read from an expanded image memory 24 

45 in the four expanding units and is supplied to a converter 
33 for color conversion (f ). The above expanded data is 
converted to the image data CIDrO of a C plane accord- 
ing to attribute data X and is supplied to a print engine 
12. The supply to the print engine is also performed at 

50 speed equal to a video clock (a dot clock). 

[0108] Fig. 13 is a timing chart in case image process- 
ing is applied to the image data of CMYK and the image 
data is supplied to a print engine in a tandem system. 
Compressed image data in an image buffer 10 in this 

55 case is the same as that in the case of Fig. 4. 

[0109] In a raster cycle R0, a DMA controller 21 reads 
the compressed image data CIDrO, MIDrO, YIDfQ and 
KIDrO respectively for one raster of CMYK from the im- 



12 



23 



EP1 041 817 A2 



24 



age buffer 10 and a DMA writing buffer 39 writes the 
image data to the respective corresponding area of a 
compressed imagB memory 34 (d). 
[0110] In the next raster cycle R1 , a reading buffer 38 
in each expanding unit reads the corresponding image 
data and the expander 22 executes expansion process- 
ing. A writing buffer 23 writes expanded image data to 
the expanded image memory 24 in a written state. The 
above expansion processing is executed at speed equal 
to an image clock (or a dot dock) CLK in parallel by the 
four expanding units. 

[0111] In the next raster cycle R2, a reading bufferfor 
printing 27 in each expanding unit reads the respective 
already expanded image data of CMYK from the ex- 
panded image memory 24 and supplies it to the print 
engine 12 at predetermined timing (f), Each timing of the 
reading and the supply by the reading buffer 27 for print- 
ing 27 is suitably controlled according to the operation 
of the print engine in a tandem system. Timing is con- 
trolled by a controller 30 as in the second embodiment. 
[01 1 2] Thou gh not shown , the comp ressad image da- 
ta of RGBX is expanded and the image data of CMYK 
can be also supplied to the print engine in a tandem sys- 
tem. In that case, as shown in Fig. 1 2, the data of RGBX 
is read from the image buffer 10, is expanded in parallel 
by each expanding unit, is converted to the image data 
of CMYK by the converter 33 for color conversion and 
is supplied to the print engine 12 in a tandem system at 
predetermined timing. 

[0113] According to the image processor according to 
the present. invention, compression processing is ap- 
pl ied to both th e com pressed imag e data in th e f i rst co lor 
space of RGB and others and the compressed image 
data in the second color space of CMYK and others and 
after expansion processing is applied to the image data 
in the first color space, the expanded image data in the 
first color space is converted to the image data in the 
second color space. Therefore, even if image data in the 
first or second color space is supplied from 1he host 
computer, expansion processing is similarly executed, 
the image data can be supplied to the print engine and 
printing speed can be enhanced. 
[0114] According to the image processor according to 
the present invention, the image data in the first color 
space of RGB and others can be read in parallel and 
can be converted to the image data in the second color 
space of CMYK and others by providing the image mem- 
ories having capacity enough to store expanded image 
data at least for the number of colors in the first color 
space. Therefore, time required for color conversion is 
equal to speed synchronized with a dot clock and the 
delay of printing by color conversion is smalt. 



Claims 

1. An image processor for printing, comprising: 



an expander for expanding supplied com- 
pressed image data every color in said first or 
second color space; 

an expanded image memory for storing ex- 
s panded image data in said first or second color 

space expanded by said expander; 
image data supply means for reading said ex- 
panded image data from said expanded image 
memory, thereby (i) converting said read data 
10 to expanded image data in second color space 

if said read data is expanded image data in said 
first color space and (ji) not converting said 
read data if said read data is expanded image 
data in said second color space; and 
75 a print engine for receiving said expanded im- 

age data in said second color space from said 
image data supply means to thereby print with 
toner in said second color space. 

20 2. An image processor for printing according to claim 
1, wherein said expanded image memory has ca- 
pacity enough to store expanded image data at 
least for number of colors in said first color space, 
and 

& said image data supply means reads expand- 

ed image data in said first color space from said ex- 
panded image memory in parallel and converts it to 
expanded image data in said second color space. 

30 3. An image processor for printing, further comprising 
a reading buffer for expansion for reading said ex- 
panded image data from said expanded image 
memory and supplying it lo said expander. 



35 4. An image processor for printing according to claim 
3, wherein said expanded image memory has ca- 
pacity enough to store expanded image data at 
least for number of colors in said first color space, 
and 

40 said reading buffer for expansion supplies the 

expanded image data of a corresponding color to 
said expander from said expanded image memory 
when said expander expands compressed image 
data in said first color space. 

45 

5. An image processor for printing according to any 
one of claims 1 to 3, wherein image data in said first 
color space includes the image data of at least red 
(R), green (G) and blue (B), and image data in said 

so second color space includes the image data of at 
least cyan (C), magenta (M), yellow (Y) and black 
(K). 

6. An image processor for printing according to claim 
SB 1, wherein image data in said first color space in- 
cludes four types of data having the image data of 
at least red (R), green (G) and blue (B) and color 
conversion attribute data (X), image data in said 
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second color space includes four types of data of at 
least cyan (C), magenta (M), yellow (Y) and black 
(K), 

said expanded image memory includes first s 
and second expanded image memories re- 
spectively having capacity enough to store at 
least lour data, and 

said image data supply means (i) reads ex- 
panded image data fn said first color space from 10 
said first and second expanded image memo- 
ries in parallel, converts it to expanded Image 
data in said second color space if said expand- 
ed image data is in said first coior space, or (ii) 
suitably reads expanded image data corre- is 
sponding to predetermined color from said first 
and second expanded image memories II said 
expanded image data is in said second color 
space. 

20 

An image processor for printing according to claim 
1 , wherein said print engine complies with a tandem 
system for printing the image data of plural colors 
in parallel, 

25 

said expanded image memory has capacity 
enough to store expanded image data corre- 
sponding to plural colors, and 
sard image data supply means (i) reads ex- 
panded image data in said first color space from 30 
said expanded image memory in parallel, con- 
verts it to expanded image data in said second 
color space and supplies it to said print engine, 
or (ii) supplies expanded image data in said 
second color space read from said expanded 35 
image memory and corresponding to said plu- 
ral colors to said print engine in parallel. 

An image processor for printing, comprising: 

40 

an expander for expanding supplied com- 
pressed image data every color in said first or 
second color space; 

an expanded image data memory having ca- 
pacity enough to store expanded image data at 45 
least for number oJ colors in said first color 
space, and for storing expanded image data in 
said first or second color space expanded by 
said expander; 

image data supply means for reading said ex- so 
panded image data from said expanded image 
memory, thereby (i) converting said read data 
to expanded image data in second color space 
if said read data is expanded image data in said 
first color space and (ii) not converting said ss 
read data if said read data is expanded image 
data in said second color space; and 
a prfnt engine tor receiving said expanded im- 



age data in said second color space from said 
image data supply means to thereby print with 
toner in said second color space. 

9. An image processor for printing according to claim 
B, wherein said image data supply means reads ex- 
panded image-data at least for number of colors in 
said first color space from said expanded image 
memory in parallel and converts it to expanded im- 
age data in said second color space. 

10. An image processor for printing according to claim 
1 , wherein said print engine complies with a tandem 
system for printing the image data of plural colors 
in parallel, and 

said image data supply means (i) reads ex- 
panded jmage data in said first color space from 
said expanded image memory in paralfel, converts 
it to expanded image data In said second coior 
space and supplies it to said print engine, or (ii) sup- 
plies expanded image data in sard second color 
space read from said expanded image memory and 
corresponding to said plural colors to said print en- 
gine in parallel. 

11. An image processor for printing, comprising: 

an expander for expanding supplied com- 
pressed image data every color in said first or 
second color space; 

plural expanding units respectively having an 
expanded image memory for storing expanded 
image data in said first or second color space 
expanded by said expander and corresponding 
to at least number of colors in said first color 
space; 

image data supply means for reading said ex- 
panded image data from said expanded image 
memory, thereby (i) converting said read data 
to expanded image data in second color space 
if said read data is expanded image data in said 
first color space and (ii) not converting said 
read data if said read data is expanded image 
data in said second color space; and 
a print engine for receiving said expanded im- 
age data in said second color space from said 
image data supply means to thereby print with 
toner in said second color space. 

12. An image processor for printing according to claim 
11, wherein said plural expanding units expand 
compressed image data every color in said first 
color space in parallel if said compressed image da- 
ta corresponds to said first color space, and 

said image data supply means reads expand- 
ed image data in said first coior space from said ex- 
panded image memory in parallel and converts it to 
expanded image data in said second color space. 
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13. An image processor for printing according to any 
one of claims 11 and 12, further comprising a com- 
pressed image memory provided before said ex- 
panding unit for storing compressed image data in 
said first color space every color is provided, and s 

compressed image data in said first color 
space stored in said compressed image memory is 
supplied to a respective corresponding expanding 
unit in parallel. 

10 

14. An image processor for printing according to claim 
11, wherein said print engine complies with a tan- 
dem system for printing the image data of plural 
colors in parallel, and 

said image data supply means (i) reads ex- *5 
panded image data in said first color space from 
said expanded image memory in parallel, converts 
it to expanded image data in said second color 
space and supplies it to said print engine, or (ii) sup- 
plies expanded image data in said second color 20 
space read from said expanded image memory and 
corresponding to said plural colors to said print en- 
gine in parallel. 
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FIG. 2 
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FIG. 3 



CASE OF RGBX AND SINGLE ENGINE 



EXPANSION OF CMYK 
AT QUADRUPLE SPEED 

(CASE OF 600dpi) 



(b) COMPRESSED 
BAND OF RGBX 
(IMAGE BUFFER) 
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FIG. 4 
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